Over the last century, northeast Pacific coastal sea surface temperatures (SSTs) and land-based surface air temperatures (SATs) display multidecadal variations associated with the Pacific Decadal Oscillation, in addition to a warming trend of ∼0.5-1°C. Using independent records of sea-level pressure (SLP), SST, and SAT, this study investigates northeast (NE) Pacific coupled atmosphere-ocean variability from 1900 to 2012, with emphasis on the coastal areas around North America. We use a linear stochastic time series model to show that the SST evolution around the NE Pacific coast can be explained by a combination of regional atmospheric forcing and ocean persistence, accounting for 63% of nonseasonal monthly SST variance (r = 0.79) and 73% of variance in annual means (r = 0.86). We show that SLP reductions and related atmospheric forcing led to century-long warming around the NE Pacific margins, with the strongest trends observed from 1910-1920 to 1940. NE Pacific circulation changes are estimated to account for more than 80% of the 1900-2012 linear warming in coastal NE Pacific SST and US Pacific northwest (Washington, Oregon, and northern California) SAT. An ensemble of climate model simulations run under the same historical radiative forcings fails to reproduce the observed regional circulation trends. These results suggest that natural internally generated changes in atmospheric circulation were the primary cause of coastal NE Pacific warming from 1900 to 2012 and demonstrate more generally that regional mechanisms of interannual and multidecadal temperature variability can also extend to century time scales.
Over the last century, northeast Pacific coastal sea surface temperatures (SSTs) and land-based surface air temperatures (SATs) display multidecadal variations associated with the Pacific Decadal Oscillation, in addition to a warming trend of ∼0.5-1°C. Using independent records of sea-level pressure (SLP), SST, and SAT, this study investigates northeast (NE) Pacific coupled atmosphere-ocean variability from 1900 to 2012, with emphasis on the coastal areas around North America. We use a linear stochastic time series model to show that the SST evolution around the NE Pacific coast can be explained by a combination of regional atmospheric forcing and ocean persistence, accounting for 63% of nonseasonal monthly SST variance (r = 0.79) and 73% of variance in annual means (r = 0.86). We show that SLP reductions and related atmospheric forcing led to century-long warming around the NE Pacific margins, with the strongest trends observed from 1910-1920 to 1940. NE Pacific circulation changes are estimated to account for more than 80% of the 1900-2012 linear warming in coastal NE Pacific SST and US Pacific northwest (Washington, Oregon, and northern California) SAT. An ensemble of climate model simulations run under the same historical radiative forcings fails to reproduce the observed regional circulation trends. These results suggest that natural internally generated changes in atmospheric circulation were the primary cause of coastal NE Pacific warming from 1900 to 2012 and demonstrate more generally that regional mechanisms of interannual and multidecadal temperature variability can also extend to century time scales.
ocean-atmosphere coupling | Pacific climate | western US temperature | climate change N orth Pacific climate observations since 1900 show evidence of multidecadal shifts between anomalous states of atmospheric circulation, sea surface temperature (SST), and adjacent land surface air temperature (SAT) and hydrology (1) (2) (3) (4) . These low-frequency climate fluctuations are often discussed together in the framework of the Pacific Decadal Oscillation (PDO), a climate pattern originally identified by refs. 4 and 2 as the leading empirical orthogonal function (EOF) of North Pacific monthly SST anomalies after subtraction of the global mean anomaly. The PDO varies over a range of monthly to multidecadal time scales, but is most notable for its tendency to switch phases every ∼20-30 y during the 20th century. Spatially, the PDO consists largely of an east-west anomaly dipole, reflecting a tendency for SSTs near the west coast of North America to vary in opposition to those in the central and western North Pacific.
Because the PDO index does not include the warming trend associated with global mean SST, it deviates from SST observations where century-long warming is substantial. In the northeast (NE) Pacific, for example, SSTs in the coastal California Current System warmed by 0.6-1°C from 1900 to the early 2000s (5), and over the adjacent land margins, rising SATs have contributed to reductions in coastal low cloud frequency and mountain snow pack, with potentially negative implications for forest ecology and regional hydrology (6) (7) (8) .
NE Pacific coastal SSTs, in connection to the PDO, vary in response to atmospheric forcing by the North Pacific Aleutian Low pressure cell, as well as remote forcing by the tropical El Niño-Southern Oscillation (ENSO) (9, 10) . During warm ENSO conditions, the cyclonic circulation of the Aleutian Low typically strengthens, raising coastal SSTs by increasing net downward turbulent surface heat fluxes and reducing wind-driven vertical mixing, particularly in winter when winds are most vigorous (11) (12) (13) . The dynamical origins of PDO variability are demonstrated by studies that have successfully reproduced the PDO index as a linear function of current Aleutian Low/ENSO forcing and SST persistence, explaining its temporal variability from monthly to multidecadal time scales (9, 10, 14, 15) .
The role of these mechanisms in century-long temperature changes remain largely unknown, however, due to short analysis periods (10, 14) or, in longer-term studies, the use of detrended SSTs (9, 15) . This study examines the coupled atmosphere-ocean history of the NE Pacific from 1900 to 2012, including trends, using a variety of data sources and established methods for describing coupled atmosphere-ocean variability. Physical mechanisms of atmosphere-ocean coupling are shown with reanalysis data that includes estimates of atmospheric winds and boundary layer conditions, turbulent and radiative surface heat fluxes, and upper ocean dynamics and thermal structure.
The study focuses primarily on SST variability within an area we term the NE Pacific Arc. The Arc corresponds closely to the eastern pole of the PDO, stretching around the North American coast from Alaska to California and offshore toward Hawaii (Fig. 1A) . Additionally, long SAT records from coastal land stations are used as an independent source of temperature information to compare with temporal patterns in SST and atmospheric circulation.
Significance
Northeast Pacific coastal warming since 1900 is often ascribed to anthropogenic greenhouse forcing, whereas multidecadal temperature changes are widely interpreted in the framework of the Pacific Decadal Oscillation (PDO), which responds to regional atmospheric dynamics. This study uses several independent data sources to demonstrate that century-long warming around the northeast Pacific margins, like multidecadal variability, can be primarily attributed to changes in atmospheric circulation. It presents a significant reinterpretation of the region's recent climate change origins, showing that atmospheric conditions have changed substantially over the last century, that these changes are not likely related to historical anthropogenic and natural radiative forcing, and that dynamical mechanisms of interannual and multidecadal temperature variability can also apply to observed century-long trends.
Past studies have noted a strong role for the NE Pacific atmosphere in SAT warming over the far western United States (6, 8, (16) (17) (18) (19) , whereas others have concluded that the magnitude of observed warming is inconsistent with natural climate variability (20) (21) (22) . Here, we also document the strong influence of NE Pacific circulation change on observed SAT trends along the North American coastline and in the US Pacific coast states. To address the possible role of anthropogenic influences on NE Pacific circulation and temperature changes, we present output from an ensemble of climate model simulations run under a historical radiative forcing scenario for 1850-2005.
Leading Modes of NE Pacific SLP and SST Empirical modes of NE Pacific (60°N-20°N, 180°W-100°W) SST and SLP variability were initially determined by separate EOF analyses of gridded normalized monthly anomalies for the 1900-2012 period. The primary SST data come from the 2°-gridded National Oceanic and Atmospheric Administration (NOAA) Extended Reconstruction SST dataset, version 3b (ERSST) (23) . The leading SST mode (SST1) explains 30% of the total monthly variance, primarily reflecting coherent SST variations within an ∼1,000-km-wide band around the NE Pacific coastal margins. This mode spatially resembles the PDO, but shows a stronger relationship to SSTs near the North American coast and a weaker connection to those in the central Pacific (Fig. 1A) . The monthly SST1 time series correlates most strongly with local SST off northern California (r = 0.82 at 42°N, 128°W).
We formally define the NE Pacific Arc as the area within the study domain where local monthly SST correlations with SST1 exceed 0.6 (Fig. 1A) . The time series of SST1 expansion coefficients is nearly identical (monthly r > 0.99) to an index of areaaveraged SST anomalies within the Arc. This temperature index, SST ARC , is used as a physically based metric of the statistical EOF pattern. A 1 SD (σ) anomaly of the SST1 index corresponds to an SST ARC deviation of 0.46°C, with individual monthly relationships deviating from this value by less than 10%. The monthly SST1 index is positively correlated with the PDO index (monthly r = 0.53), but displays considerably lower values before 1930, partly due to the absence of the global SST trend in the PDO index (Fig. 1B) .
Primary SLP data come from the 5°-gridded National Center for Atmospheric Research (NCAR) monthly analysis (24) , previously used in other studies of North Pacific low-frequency variability (1, 2, 25, 26) . The leading mode of NE Pacific SLP (SLP1) explains 22% of overall variance, capturing coherent anomalies over the central NE Pacific and most of the study domain (Fig. 1C) . The SLP1 index, oriented with positive values reflecting lower pressure, correlates most strongly with SLP NE of Hawaii (monthly r = −0.84) at 35°N, 150°W. These coordinates lie near the center of the summertime North Pacific High, so that SLP1 reflects variability of the subtropical anticyclone. In winter, the center of the pattern lies between the climatological centers of the Aleutian Low and North Pacific High, capturing southeastward extensions of the cyclonic Aleutian Low circulation. The SLP1 index displays a positive long-term trend, signifying SLP reductions over the NE Pacific from 1900 to 2012 (Fig. 1D) . A comparison with the inverted North Pacific Index (NPI) of Aleutian SLP (27) , developed from the same NCAR dataset indicates stronger relative SLP changes in the east than in the center of the North Pacific (Fig. 1D) .
The SLP1 index ( Fig. S1A ) varies strongly on monthly time scales, producing a lag − 1 autocorrelation of 0.38, whereas greater persistence in SST1 (Fig. S1B ) yields a much higher autocorrelation of 0.91. The monthly correlation between the series (r = 0.53, detrended r = 0.47) far exceeds the 95% significance threshold, estimated by Monte Carlo simulation at ±0.17 (Materials and Methods). The correlation is maximized when the SLP1 index is smoothed with an 11-mo running mean and shifted backward in time to precede SST1 by 4 mo (r = 0.76; Fig. S1C ). The strength of this tuned relationship suggests that the SST1 evolution is largely a time-integrated lagged ocean response to atmospheric forcing.
Time Series Model of Atmosphere-Ocean Coupling
The SLP1-SST1 relationship was further explored with a linear stochastic model (Eq. 1) relating the SST1 index at each monthly time step t to a linear combination of SLP1-driven perturbations and SST persistence from the prior month t − 1. The model takes the form
where SST is the modeled SST1 index value, and SLP represents the normalized SLP1 time expansion coefficient. The terms α and β represent persistence and perturbation coefficients, respectively, and e is a residual term. The model was initialized with the first SST1 value in January of 1900 (t = 1) and incrementally forced by the SLP1 anomaly for each of the next 1,355 mo through December 2012.
A sensitivity experiment identified model parameters α = 0.81 and β = 0.27 ( Fig. S1D) , which are similar to those obtained from a linear regression of SST1(t) from SLP1(t) and SST1(t − 1) (α = 0.83, β = 0.21). The stability of the model was tested by determining coefficients from two separate time intervals : α = 0.82, β = 0.27; 1956-2012: α = 0.83, β = 0.28) and using each set of coefficients to model SST1 over the independent data segment. The combined split-sample simulation was nearly identical (r > 0.99) to the overall simulation, indicating a consistent relationship between NE Pacific SLP and SST throughout the last century.
A model α-coefficient less than 1 indicates SST damping and regression of anomalies toward the mean in the absence of further atmospheric forcing. An example of short-term model behavior is shown in the inset of Fig. 2A , which illustrates the SST1 response to an abrupt 12-mo SLP1 anomaly of +1σ, approximating the magnitude and duration of atmospheric anomalies over a strong El Niño event. The SST response can be seen to decay nearly completely within a year of cessation of forcing (10) .
The overall monthly correlation between actual and modeled SST1 series (r = 0.79, detrended r = 0.77) ( Fig. 2A) is shared between low-frequency (>10 y, r = 0.90; Fig. S1E ) and highfrequency variations (<10 y, r = 0.69; Fig. S1F ). The correlation between annual means of modeled and observed indices of SST1 (r = 0.86, detrended r = 0.83; Fig. 2B ) reflects a high degree of atmospheric control on SST variability from interannual to century scales and strong agreement between the independent SLP and SST datasets. The stability of the model and the strength of the SLP-SST relationship suggest that large-scale SST variability is controlled largely by short-term ocean responses to the atmosphere. The atmosphere displays prominent low-frequency variations, including a considerable trend over the last century that is approximately proportional to the observed warming. A monthly +1σ SLP1 anomaly produces an SST tendency (ΔSST) that closely matches the SST1 spatial pattern (Fig. 3A) , consistent with the strong correlation between the EOF indices. Warming tendencies of 0.05-0.15°C occur throughout most of the Arc, with strongest responses observed off the California coast. With positive anomalies of SLP1, cyclonic surface wind anomalies over the NE Pacific (Fig. 3B) tend to reduce wind speeds over much of the Arc, weakening the mean westerlies in the north, the northerlies along the US coast, and the northeasterly trade winds in the subtropics. Net positive (downward) surface (sensible plus latent) turbulent heat flux anomalies respond in a form that resembles the SST response (Fig. 3B) SLP1 impacts on upper ocean thermal advection were estimated by calculating local SST gradient advection (°C/month) from zonal and meridional temperature gradients (°C/m) and velocities (m/s) at 5-m depth. The surface current response, illustrated by the vectors in Fig. 3C , reveals a pattern of anomalous meridional divergence from the central NE Pacific. Warm advection anomalies of +0.2°C/mo are largest in areas of anomalous poleward flow in the far north, whereas comparable cooling occurs to the south with anomalous equatorward currents. Vertical temperature advection was similarly calculated across the upper ocean thermocline, defined by the maximum vertical temperature gradient at each location. Fig. 3D shows localized positive responses around +0.1°C/mo, reflecting reductions in coastal upwelling, whereas negative responses in the open ocean correspond to areas of reduced downwelling and stronger winds, which promote greater entrainment of cool water from depth (13) . Although SLP1 forcing generates upwelling-related temperature responses along the North American coast, only modest (jrj ≤ 0.3) correlations were obtained with alongshore winds and published coastal upwelling indices (30) .
Regressions calculated from Arc-averaged variables ( Fig. 3 E  and F) include simultaneous, as well as precursor and delayed responses in lagged regressions at −6 to +12 mo. A +1σ SLP1 anomaly produces a lag-zero SST tendency of +0.11°C (Fig. 3E) , simultaneous with a net downward increase in the turbulent heat flux (+9 W/m 2 ), and a smaller increase in net surface radiation (+2 W/m 2 ). Advective warming is estimated at +0.04°C/mo, whereas the turbulent heat flux anomaly is equivalent to a temperature increase of 0.08°C/mo over the Arc mean mixed layer depth of 75 m. Arc-averaged SODA subsurface temperatures respond to SLP1 with weaker amplitudes and larger delays than the SST, however, so that an assumption of uniform response by an upper ocean mixed layer is not fully realistic on monthly and longer time scales.
SLP1 regressions are consistent with model results showing that wind-driven heat fluxes are more important than advection in regulating NE Pacific SST (13) . We find a small monthly correlation between anomalies of Arc-averaged turbulent heat flux and SST ARC (r = 0.10), consistent with results from ref. 11 but considerably stronger heat flux relationships with the dynamical forcing represented by SLP1 (r = 0.57) and the monthly SST tendency (ΔSST ARC , r = 0.53). Monthly SLP1 forcing tends to reduce the Arc-average wind speed (−0.5 m/s), reducing evaporation rates and increasing the net downward latent heat flux (+7 W/m 2 ).
Following peak warming by SLP1 wind forcing at lag zero, the ΔSST response turns negative as the forced SST anomaly decays over the next several months. At +2 to +5 mo, the SST decline is associated with reduced boundary layer (2 m) relative humidity and negative (i.e., upward) latent heat flux anomalies that signify greater evaporative cooling of the ocean surface. Positive Arc SST anomalies thus appear to be damped by a negative feedback that results from warming of the atmospheric boundary layer and the nonlinear increase of saturation specific humidity with temperature (31) . SLP1 forcing initiates a sequence of processes that includes wind-driven SST anomalies and subsequent SST-driven damping, both largely produced through anomalous latent heat fluxes. The monthly wind forcing is considerably stronger, so that SST1 and SST ARC closely track the evolution of SLP1. An index of coastal SAT was also developed from 51 longterm stations around the NE Pacific margins (Fig. 1A) . This index, SAT ARC , provides further support for the ocean-atmosphere history depicted by marine observations, with a similar interannual and low-frequency evolution to SST1 (r = 0.80, detrended r = 0.75), SST ARC (r = 0.80, detrended r = 0.76), and SLP1 (r = 0.75, detrended r = 0.64; Fig. 4 ). Arc SST changes in ERSST data are well constrained by direct observations (Fig. S2) and similarly represented by several other SST datasets (SI Text and Fig. S3 ). Among several SLP datasets, NCAR SLP exhibits the most consistent relationships with coastal temperatures on interannual and longer time scales (SI Text and Table S1 ). Low-frequency 
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in NCAR SLP have also been successfully linked with similar behavior in other North Pacific climate variables (1-3).
Summary and Discussion
Independent records of NE Pacific SLP, SST, and SAT provide consistent evidence for strong atmospheric regulation of coastal temperatures from monthly to century time scales and substantial ocean-atmosphere changes over the last century. Century-long warming of the NE Pacific Arc occurred in conjunction with regional SLP reductions that, based on their short-term influences, appear to account for much of the observed century-long warming trend as well.
When the influence of the annual SLP1 index is removed from coastal NE Pacific and western US temperature indices by linear regression, the 1901-2012 linear warming trends are strongly reduced (Table 1 and Fig. S4 ). The positive trend in SST ARC is entirely accounted for by SLP1 circulation changes, and the trend in SAT ARC is reduced by more than 80% when adjusted for SLP1 dynamics. SLP1 circulation anomalies account for more than 80% of SAT warming over the US Pacific coast states and more than 90% of warming over Washington, Oregon, and northern California, reducing the 1901-2012 trends to statistically insignificant (P > 0.05) levels. A significant warming trend remains over southern California, although reduced by more than 60%. Regional atmospheric forcing, understood as the primary driver of the PDO (10, 14) , also accounts for nearly all (80-100%) of the observed SST and SAT warming around the coastal NE Pacific Arc and comparable fractions over the US Pacific coast states north of 37°N.
This high degree of dynamical control on long-term warming is consistent with results from studies of Cascade Range snowpack reduction (8) and earlier spring snow melt in California (6) . Other studies have quantified smaller (≤50%) circulation influences (18, 32, 33) on western US warming, but in many cases dynamical forcing is inferred from detrended circulation proxies (33) (34) (35) (36) , including the PDO, or indices representing atmospheric conditions in the central North Pacific [e.g., the NPI (18, 33) or the Pacific-North American (PNA) pattern (32, 34) ]. Detrended indices are unsuited to capture dynamical changes, and we find generally stronger coastal temperature relationships with NE Pacific SLP1 than with the NPI or PNA (Table S2) .
To assess whether NE Pacific circulation trends might be attributed to changes in large-scale net radiative forcing, we compared observed SLP changes with those in CMIP5 historical global climate model (GCM) simulations (Fig. S5) . Among 31 individual GCM simulations examined, each forced by the same natural and anthropogenic radiative forcings, none produced SLP changes that approached the observed −1.3-hPa change in NE Pacific SLP between the first and last 30 y of the 1900-2005 period. These results are consistent with other GCM studies showing mixed or weak SLP responses to anthropogenic net radiative forcing in the subtropical NE Pacific (37) (38) (39) (40) . In response to scenarios with increased anthropogenic radiative forcing over the course of the next century, some simulations depict an intensification and northward displacement of the Aleutian Low, but little systematic response in the subtropical NE Pacific (39, 40) . Other studies, however, show slight tendencies for higher NE Pacific SLP (37, 38) and the negative phase of the PDO (41) .
Recent GCM results from large-ensemble experiments (38) show that anthropogenically forced SLP changes in the NE Pacific are considerably weaker than natural internal variability over the 2010-2060 period. We find that CMIP5 GCM historical and 500+-y preindustrial control simulations generate realistic levels of interannual SLP variability in the NE Pacific but only 50-70% of observed low-frequency (decadal and longer) variability (Table S3) . We conclude that internal variability is the most likely source of the observed SLP decline and that current GCMs may not adequately capture the underlying processes. It is also notable that the strongest changes in NE Pacific circulation and temperature occurred before 1940, when the combined natural and anthropogenic net radiative forcing changes are thought to be smaller than those in recent decades (42) . Modest regional warming since 1940 and a possible reversal of long-term SLP and regional surface temperature trends between 1980 and 2012 suggest that low-frequency circulation changes in the NE Pacific have not responded in a robust linear manner to anthropogenic net radiative forcing.
The Intergovernmental Panel on Climate Change Fifth Assessment (AR5) Report (42) estimates that anthropogenic impacts have produced a 2-W/m 2 increase in the global average net radiative forcing between 1750 and 2011. A substantially greater +10-W/m 2 dynamical forcing of the net downward turbulent heat flux is inferred over the NE Pacific Arc from 1900 to 2012, based on the +9-W/m 2 monthly response to each +1σ anomaly of SLP1 and a +1.1σ linear change over this period. The impact of this direct heat flux forcing has likely been augmented by ocean advective processes and mitigated by negative feedbacks through boundary layer responses to the warming itself (31) .
Atmospheric forcing of NE Pacific SST is well established on monthly to multidecadal time scales (10-12, 14, 25, 27) . Based on the strong, physically realistic correlation between large-scale SLP and SST indices from 1900 to 2012, we conclude that dynamical forcing accounts for virtually all of the observed warming in NE Pacific Arc SST over the 1900-2012 period as well. Tree-ring proxies of the PDO pattern and NE Pacific coastal SST also display evidence of century-long trends during the last several hundred years (43) (44) (45) (46) . Further study may clarify the mechanisms behind the low-frequency circulation-temperature variability of the NE Pacific, so that a fuller understanding of natural and anthropogenic changes can be attained.
Materials and Methods
The primary SST data for this study consist of monthly 2°-gridded and fully interpolated fields from the ERSST (23) . Primary SLP data come from the monthly NCAR Northern Hemisphere 5°analysis (24) . The NCAR SLP dataset is a quality-controlled compilation of daily surface map analyses from various sources. Comparisons with other SST and SLP datasets are illustrated in Fig. S3 .
To objectively isolate large-scale modes of NE Pacific variability, EOF analysis was first performed separately on normalized monthly matrices of SLP and SST. The primary modes in each field were then compared, first by correlation, with statistical significance estimated from a Monte Carlo simulation using synthetic random SLP1 series with observed levels of autocorrelation and low-frequency variance. A stochastic time series model was created to estimate the monthly SST1 response to a combination of SLP1 forcing and monthly lag − 1 SST persistence, an approach originally developed in ref. 47 and applied in ref. 48 to describe atmospheric forcing of the extratropical oceans. This method has been used successfully to explain the evolution of the PDO (9, 10, 14, 15) , although none of these prior studies have included the century-long trends (Fig. S4) . *Statistically significant (P < 0.05) values.
in North Pacific circulation and SST. Monthly SLP1, SST1, SST ARC , and SAT ARC indices are included in Dataset S1.
Monthly atmospheric and surface data obtained from 20CR (1900-2012) include net turbulent heat fluxes (both latent and sensible), surface radiation (solar and longwave, upward and downward), near-surface (10-m height) winds, boundary-layer (2-m height) temperature, and specific humidity (used to calculate relative humidity). Upper ocean dynamical and thermal advective responses from SODA , which is forced with 20CR surface winds, include near-surface (5-m depth) temperatures and horizontal currents and subsurface temperatures and vertical velocities.
Linear regression was used to estimate monthly responses to a +1σ anomaly of the leading pressure mode SLP1. Regressions were performed on monthly indices over the 1920-2008 period during which both datasets are available and 20CR circulation variability agrees well with the primary NCAR SLP dataset (SI Text). Because century-long trends in 20CR heat fluxes and SODA advection depart substantially from observed SST changes, regressions were performed on indices treated with a 120-mo high-pass Hamming filter, capturing the short-term responses reflected in the time series model. Statistical significance was determined from Monte Carlo simulations using random, identically filtered SLP1 series matching the observed level of lag − 1 autocorrelation. Anomaly responses were computed separately for each calendar month, and the overall responses were estimated as the annual means of the monthly regression coefficients.
SATs around the NE Pacific margin were investigated with monthly station data from the US Historical Climate Network, version 2 (USHCNv2) (49) and the Global Historical Climate Network, version 3 (GHCNv3) (50), using adjusted versions of both datasets. A NE Pacific Arc SAT index (SAT ARC ) was constructed from all 51 USHCNv2 and GHCNv3 coastal stations with at least 960 mo of available data (Fig. 1A) . Monthly anomaly series were first calculated for subregions of coastal Alaska (12 stations), British Columbia (3), Washington-Oregon (19) , California (14) , and Hawaii (3). For each station, missing data were infilled by monthly regression from up to three nearest neighbors, defined by correlation coefficient. A small number of remaining missing subregional estimates were filled by regression on neighboring subregions. The final SAT ARC index was calculated as the unweighted mean of the five subregional series, expressed in monthly degree Celcius anomalies with respect to the full 1900-2012 period. Temperature indices were similarly constructed for the US Pacific coast states, using all USHCNv2 stations to produce monthly anomaly series for Washington, Oregon, and northern and southern California, the latter divided at 37°N.
